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ABSTRACT
In the Pedernal Hills, in the eastern part of
north-central New Mexico, five Precambrian metamorphic and
igneous rock types ocarr.

Stratigraphically, oldest to

youngest, they include medium-grained granite gneiss;
quartzite, quartz-mica schist, and quartz-specular hematite
schist; schist unit consisting mainly of quartz-muscovite
schist and greenstone; intrusive granite which includes
rocks ranging from quartz diorite to alkali granite;
and cataclasite representing dynamically metamorphosed
rocks.
Structurally the rocks display moderately to welldeveloped foliation throughout the area; microfolding is
very well developed in the younger units.
The area has been subjected to regional metamorphism
and later igneous intrusion.

Regional metamorphism ranges

from middle to upper greenschist facies in the schist
and stratigraphically higher units to lower almandineamphibolite in the stratigraphically lower units.
Contact metamorphic rocks of the hornblende-hornfels
facies and cataclasites are associated with the igneous
intrusion.
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INTRODUCTION
Location, Siz , and Accessibility
The Pedernal Hills are in the eastern half of northcentral Torrance County, New Mexiro (Fig. 2).
bounded by meridians lOS
and parallels 34° 40

1

0

3S

1

and lOS

0

The· area is

so• west longitude

and 34° so• north latitude.

Estancia

is about 2S miles to the west, and Santa Fe is about 60
miles to the north.
The area is underlain by Precambrian metamorphic and
igneous rocks.

Late Paleozoic sediments unconformably

overlie the Precambrian rockso
The area is readily accessible by

u.

So Highway 66

and New Mexico State Highway 28S along the northern and
eastern sides, and

u.

half of the area.

Ranch roads are common throughout

S. Highway 60 traverses the southern

most of the area.

Topography
Elevations range from about 6,300 to 7,S80 feet above
mean sea level.

The southern two-thirds has an altitude

of about 6,400 feet.

Gently rolling, sparsely vegetated

slopes present very poor outcrops in most of the area.
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The northern one-third has an average elevation of 6,900
feet, with a maximum altitude of 7,580 feet at Pedernal
Peak.

This section rises abruptly above the surrounding,

gently rolling topography.

Pinon and juniper sparsely

cover the steep slopes, and excellent outcrops are present.
The entire area is shown on the Fort Sumner, New
Mexico AMS 2-degree sheet at a scale of 1:250,000 with
200-foot contour interval o
Aerial photographs and semicontrolled mosaics were
obtained from the

u. s.

Department of Agriculture, Soil

Conservation Service, Hyattsville, Marylando

Previous Work
Published works concerning the geology of the
Pedernal Hills are mostly limited to brief treatments
that are parts of regional studieso
Johnson (1902, p. 57) suggested that the area was
underlain by Precambrian metamorphic rocks, but gave no
detailed data.

Meinzer (1911, p. 11-12) mentioned the

Pedernal Hills in his description of the Estancia Valley.
Darton (1928, Po 283-284) briefly out ined the geology
of the area in his study of the "redbeds" of New Mexico.

4

Thompson (1942, p. 12-14) discussed the effect of the
Pedernal landmass on Pennsylvanian strata of the state,
as did Read and Wood '(1947, p. 225)o

Some details concern-

ing the iron-rich quartzite rocks have been described
by Woodward and Fitzsimmons in an abstract (1967, p. 228).
Kottlowski in an abstract (1968, p. 197) discussed the
sedimentational influence of the Pedernal Hills during
the Paleozoic.

Woodwa~

(1968 1 p. 130-131) has briefly

discussed the Precambrian rocks in an abstract.
TWo unpublished Master's theses (Hurst, 1949, and
Fallis, 1953) describe the area.

Hurst examined sediments

derived from Precambrian rocks of the Pedernal Hillso
Fallis measured the upper Paleozoic sediments surrounding
the Precambrian rocks; he also megascopically described
the Precambrian sequence.
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Regional Geologic Setting
The Pedernal Hills lie near the junction of the
Basin and Range, Southern Rocky Mountains, and Great
Plains physiographic provinces.

Locally, they lie along

the eastern edge of the Estancia Valley at the northern
end of the Sacramento Section in the Basin and Range
Province (Thornbury, 1965), but the structure of this
area is not typical of that of the Basin and Range Province.
Approximately 40 miles to the west of the Pedernal
Hills are the Manzano and Sandia

Mountains~

they are

prominent, eastward-tilted, fault-block mountain ranges;
these are characteristic of Basin and Range structures
and represent the western boundary of the Estancia
basin.

To the north are the north-trending, generally

6

anticlinal Sangre De Cristo Mountains with Precambrian
igneous and metamorph'c rocks in the core.

7

ROCK UNITS
General Statement
The Pedernal Hills are underlain by Precambrian
igneous, metasedimentary and meta-igneous rocks.

Five

principal rock units are present and structural relations
indicate that their relative ages, from oldest to youngest,
are granite gneiss, quartzite, schist, granite, and
cataclasite (Fig. 3).
The apparent thickness of the quartzite is 8,000 f et,
as scaled from mapped outcrops, but due to small-scale
isoclinal folding, intense shearing, and possible bedding
plane faulting the true stratigraphic thickness may be much
less.

Interbedded with the quartzite are layers of quartz-

mica schist and quartz-specularite schist.
The next metamorphic unit is very heterogeneous,
consisting of chlorite-muscovite-quartz ppyllite, quartzmuscovite schist, quartz-muscovite-biotite schist, quartzmuscovite-chlorite schist, epidote-amphibolite, epidiorite,
greenstone, augen gneiss, quartzite, and cataclasite.
Isoclinal folding and internal deformation may cause the
true stratigraphic thickness to be much less than the
apparent thickness of 12,000 feeto

8

Pedernol
Peak

South

North

Granite
\0

''

'\.Quartzite,
g n e1ss ?
Quartz -specula rite
•
schist a Quartz
mica schist

granite

''

?

Granite

I

?
•

---I mile

Figure 3.

Diagrammatic sketch to show structural and
stratigraphic relationships.

Granite, alkali granjte, quartz monzonite, and quartz
diorite have intruned th

heterogeneous schist serieso

During late stage intrusion the granite crushed and
dynamically metamorphosed both wall-rock and partially
solidified granite producing

cataclasites.

Granite Gneiss
Gneiss represents the oldest and by far the least
abundant rock type of the five principal units in the areao
The extent of surface exposures is less than one-half
square mile; the gneiss crops out in the northeastern part
of the mapped areao

The gneiss shows well-developed folia-

tion, striking N.4.5°E. and dipping 65°8.
The gneiss ranges from light pink to flesh colored
and fine to medium grained (O.l-2.0 mm).
constituents are quartz,
and biotite.

potassiw~

The essential

feldspar, plagioclase,

Accessory minerals include magnetite, muscovite,

epidote, apatite, zircon, actinolitic hornblende, and
stilpnomelane.

Some chlorite and sericite are present as

alteration productso

Microscopic examination of the

gneiss shows a xenoblast'c subporphyroblastic textureo
Quartz is the most abundant mineral, amounting to

10

about 37 percent.

It occurs _both as porphyroblasts (1.0-2.0

mm) showing granulation and recrystallization and as finegrained (0.1-0.4 mm) i terstitial groundmass.

Quartz

grains commonly exhibit strong undulatory extinction and
contacts are sutured.
Microcline-microperthite is the dominant feldspar,
amounting to about 35 percent.

It ranges from fine-grained

(0.1-0.3 mm) interstitial granular material to subidioblastic
grains up to 2.0 mm across.

Microcline is surrounded by

finely crushed grains of quartz; and inclusions of quartz,
plagioclase, biotite, and sericite are very common.
Plagioclase represents approximately 10 percent.
The grains have been highly altered to sericite and clay.
Due to the intense alteration it is difficult

to determine

(using the a-normal method) the composition of the
plagioclase, but it appears to be calcic oligoclase
(An25-30).
Biotite makes up approximately 10 percent of the rock.
It forms fine-grained (0.1-0.4 mm) elongate plates.

The

biotite is elongate in the foliation and forms lenses
that are also parallel to foliation.

Epidote and magnetite

are associated with the biotite and help emphasize the
11

foliation.
~ccessory

minerals include chlorite, and rarely

actinolitic hornblende.

Traces of epidote, magnetite,

euhedral apatite, sphene, myrmekite, muscovite, stilpnomelane, and subrounded zircon are present.

:'.

·.... ··~~

\~ .. ,_ .. ,.:·'

Quartz

Biotite

Microcline

Magnetite

Epidote

Plagioclase

li.i1

lmm

~

Chlorite

Hornblende

Figure 4. Granite gneiss. Subidioblastic microcline
surrounded by finely crushed quartz.
Plagioclase
highly altered to sericite and clay. Biotite
slightly elongate in the foliation.
Pegmatitic and Aplitic Veins and Dikelets
The granitic gneiss is cut by many small peqmatitic
and aplitic veins and dikelets.
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They range 'n w'dth

from less than 1 mm to about 10 em, and because of poor
surface exposures they can be traced for onJy a few meters.
Pegmatitic veins are non-foliated, allotriomorphic
granular, and coarse-grained (2.0-10.0 mm).
percent), plagioclase (An

Quartz (20

_
, 35 percent), and microcline
18 22

(40 percent) are the most abundant constituents (Fig. 5, A).
Accessory minerals include myrmekite, muscovite and sericite,
magnetite, and chlorite altered from biotite.
amounts of sphene and epidote are present.

Trace

Microcline

and some microperthite form anhedral grains up to 1 em
across and contain inclusions of quartz and plagioclase.
Quartz is anhedral (O o5-l.O mm) with strong undulatory
extinction.
mm)

Plagioclase forms subhedral grains

(1.0-2.0

with bent and broken twin lamillae.
Aplitic veins are allotriomorphic equigranular, with

grains 0.25-0.5 mm across

(Fig. 5, B).

Plagioclase (An 22 _ 26 ,

5 percent), quartz (20 percent), and microcline (70 percent)
are the major constituents.

Magnetite, biotite, sericite,

and apatite are accessory minerals.

Microcline forms

anhedral grains that have been slightly altered to clay.
Quartz and plagioclase form anhedral gra'ns.

Biotite is

elongate parallel to the gneiss-ap ite contacts, and it

13

I

!I

imparts a slight foliation to the r ck.

lmm

...

.···· .:

:

Quartz
(f!JP

Plagioclase

Microcline

B'otite

~

~
Epidote

Myrmekite

Magnetite

Muscovite

Figure 5. A. Pegmatite. Anhedral microcline with quartz
and plagioclase inclusions. The rock is made
up principally of microcline, plagioclase, and
quartz. B. Aplite. Even~grained intergrowth
of microcline, quartz, and plagioclase.

Dikelets, 1.0-2.0 mm wide, of pegmatitic and aplitic
composition are common.

Quartz dikelets are common and

are abo t 1.0 mm wide and can be traced for abo t 10 em.
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They are composed of quartz with minor amounts of hematitic
staining.

Quartz grains are elongate with the long axis

parallel to the gneiss-dikelet contacts.

Quartzite
General Discussion
The quartzitic unit occupies the northern part of
the Pedernal Hills; three rock types are present.

Quartzite

is the most abundant rock type, and it is composed of
over 90 percent quartz and 5 percent white mica.

Quartz-

specularite schist contains 80 percent quartz, 15 percent
specularite, and 3 percent white mica.

Quartz-mica

schist is the least abundant rock type; it consists of
50 percent quartz and 40 percent mica.

Quartz-specularite

schist and quartz-mica schist form thin beds within the
quartzite.
Quartzite
Two s-planes are recognized; s 1 represents compositional layering, and s

2

represents schistosity.

s 2 is commonly parallel to s 1 •
The quartzite is massive, translucent, and gray
to white.

In places, it is tinged smoky gray-black,

15

or more rarely, pale pink.

Locally, it is slabby and

exhibjts widely spaced, parallel fractures, which impart
a blocky appearance.

The rock tends to have a homogeneous,

translucent, and fused appearance such that individual
grains are megascopically invisible.
Textural relationships between mineral grains are
the same throughout the quartzite; xenoblastic quartz
grains have sutured boundaries, and they are elongated
in s2.

White mica forms lepidoblastic grains elongate

in s2.
The quartzite is consistent in its mineral make-up;
the essential constituents in order of increasing abundance
are white mica and quartz.

Accessory minerals are magnetite,

hematite, tourmaline, apatite, and zircon.
Quartz represents about 94 percent of the rock; it
occurs as clear, fine-grained

(0.1-0.4 mm), xenoblasts.

Contacts between quartz grains are sutured, and the quartz
tends to be elongate in s

2

•

The ratio of length to width

in elongate grains is as much as three to one, although
more commonly the ratio is two to one.
showstrong undulatory extinction.

Individual grains

The quartz grains have

been completely recrystallized to the extent that any

16

original clastic texture has been o scured.
White mica represents approximately 5 percent of
the rock; it occurs as small grains
to the elongate quartz.

(0.1 - 0.3 mm) parallel

The amount of mica does not differ

appreciably throughout most of the quartzite, indicating
that the original composition was that of a rather
pure quartz sandstone.

Sericite is present in nearly

all specimens and usually forms a felty matrix surrounded
by larger, recrystallized quartz grains (Fig. 6).
Specular hematite is present and forms platy grains
(0.1-0.2 mm) parallel to s 2 ; the grains commonly surround
quartz, but penetrating grains are also present.

Usually

t • ' · ·• ..

·. ... ··· ·
Quartz

White mica

Magnetite
/

/ // /

Sericite
lmm
Fiqure 6. Quartzite. Anhedral quartz with sutured boundaries
and slightly elongate ·n s ; white mica is also
2
elongate in s 2 •
17

the hematite represents approximately 1 percent, but as
a fault is approached the percentage may be as great as
10 percent.

Magnetite (0.05-0.15 mm) occurs as irregular

detrital grains.

A few larger euhedral grains suggest

recrystallization. A Tourmaline (0.05-0.2 mm) is recognized
and may form either rounded grains or elongate prisms.
Zircon (0.03-0.1 mm) is widely scattered and is always
rounded.

Apatite (0.05 mm) is rare and present in only

a few samples.
Quartz-specularite Schist
Quartz-specularite schist forms layers up to 10 em
thick intercalated with quartzite or quartz-mica schist.
The average iron-rich layers are approximately 5 mm
thick.

In hand specimen, it is black to dark gray with

well-developed schistosity.

Thin sections reveal

abundant quartz, specularite, and minor amounts of sericite
and white mica.

Tourmaline, porphyroblastic kyanite,

apatite, zircon, and some magnetite are present as
accessory minerals.

S bidiomorphic specular hematite occurs

as thin well-aligned plates that define the schistosity.
Compositional layering (s 1 ) generally parallels schjstosity
(s2) •
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More than 70 percent of the ro k is quar z; it
forms fine-grained

(0.25-0.5 mm) anhedral aggregates.

The quartz boundaries are sutured and exhib't strong
undulatory extinction.

The grains are elongate ·n s 2 •

Specular hematite (Fig. 7) represents approximately
20 percent and is concentrated in lenticular or microf olde d layers up to 2 em thick; specularite makes up

. .1

A.

Cijl

,. ···....

:

···....·

.:

Quart z

Muscovite

Specularite

1

nu~v

Figure 7. A. r:k e ·t.ch showing megascopic layers composed of
quartz-specularite laminae. B. Quartzspecularite schist with quartz, muscovite, and
specularite elongate in s 2 •
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over 30 percent of the material in the iron-rich layers.
It occurs as fine {0.5-1.0 mm) subidiomorphic grains in
layers well aligned in s 2 •
White mica and sericite are generally restricted
to the quartzose layers and represent approximately
4 percent.

They form fine plates up to Oa5 mm long

and are well-aligned in

schis~osity.

Accessory mi nerals are kyanite, tourmaline, magnetite,
apatite, and zircon.

Porphyroblastic kyanite (0.5 mm)

is slightly elongate in s , and its margins have been
2
altered to sericite (Fig. 8).

Tourmaline {0.05-0.1 mm)

is present and usually forms subangular grains 0.1 mm

-::.--·.
.· ........ \
I

.···

Quartz

Sericite

Kyanite

lmm

Figure 8. Quartz-specul ~ rite schist. Porphyroblastic
kyanite surrounded by sericite.
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long with pleochroic color · of deep green to pale
yellowish-brown.

Magnetite forms subhedral grains 0.5 mm

long and elongate in s .
2

Euhedral apatite and subrounded

zircon (0.05-0.1 mm) are also present.
Quartz-mica Schist
Quartz-mica schist occurs in thin beds that form
zones up to 3 m thick and probably represents clayrich layers intercalated in a former and relatively pure
quartz sandstone.

In hand specimen the schist is dark

gray to red-brown, isoclinally folded and strongly
schistose.
shearing.

Thin sections reveal microfolds and intense
Minerals present (in order of increasing

abundance) are chlorite, biotite, white mica, and quartz.
Accessory minerals include stilpnomelane, magnetite,
apatite, tourmaline, zircon, and staurolite.
Schistosity (s 2 ) and compositional layering
are generally parallel.

(s 1 )

Texturally the schist shows

alternating layers of quartz and white mica, and it
grades into quartzite.

Schistosity is well developed

and quartz is elongate in s 2 •

Quartz is concentrated

in layers up to 1.0 rnm thick and probably represents
orig i nal quartzose sandstone.

21

Former pelitic layers

are composed of white mica in layers up to 1.0 rom
thick.

Most mica grains are aligned in s , but some
2

grains have crystallized athwart the foliation, and
in these specimens the schistosity is defined by
compositional layering.

Chlorite is present as an

alteration of biotite.
Quartz makes up 50 percent of the rock and is fine
grained (0.25-0.5 rom) with the average size being 0.5 mm.
The grains are elongate in s

2

and have sutured boundaries

and strong undulatory extinction.
White mica represents approximately 40 percent
and forms fine plates up to 0.5 rom long.

Mica occurring

in the quartzose layers is elongate in s 2 .

Most mica is

found in discrete layers averaging 1.0 mm thick that
commonly show microfolding.

Much of the mica parallels

the foliation, but some grains are perpendicular to the
schistosity.
Biotite represents approximately 2 percent, and is
mostly altered to chlorite.
in schistosity.

The grains are partly aligned

Pleochroism is tan to light brown.

Chlorite forms as an alteration product of biotite
and represents approximately 5 percent.
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Pleochroism

is greenish-brown to colorless.
Subhedral to euhedral grains of magnetite, elongate
Stilpnomelane

in s 2 , amount to approximately 2 percent.

is present and represents approximately 2 percent; it
is associated with the opaques and generally confined
to pelitic layers.

Trace amounts of subrounded apatite

and zircon as well as olive-green to pale-green pleochroic
tourmaline are present.

Idioblastic staurolite 0.5 mrn long

cuts the schistosity and has sericitized margins

,

\

,.

(Fig. 9).

·.·\

I
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Quartz

D

Staurolite
...... '
'..........}
Sericite

,
, ;,

~

,

~

" , ,
/

Muscovite (dashes
indicate direction
of schistosity)
!nun

Figure 9. Quartz-mica schist. Subidioblastic staurolite
with sericitized margins surrounded by mica.
Mica elongate in s •
2
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·.

Sch · st
General Discussion
The central part of the Pedernal Hills consists of
quartz-muscovite schist, quartz-muscovite-biotite schist,
quartz-muscovite-chlorite (± epidote) schist, chloritemuscovite-quartz phyllite, metadiorite, epidote-amphibolite,
greenstone, augen gneiss, quartzite, and cataclasite.
Cataclasite will be described

separately~

it probably

represents a younger rock unit.
Quartz-muscovite Schist
Quartz-muscovite schist is the most common type,
and it is found throughout the schist area.

Included in

this description is the chlorite-muscovite-quartz phyllite.
Hand 'specimens are greenish-gray to gray.

In places,

it is reddish-brown to light purple, or rarely, pale pink.
It is slabby and exhibits well developed schistosity.
Microfolding is common in the northern part of the schist
area.

Thin sections reveal quartz as the most abundant

constituent: muscovite, chlorite, and biotite vary in
their relative percentages.

Accessory minerals include .

apatite, opaques, tourmaline, epidote and cl'nozos'te,
zircon, feldspar, calcite, and stilpnornelane.
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In thin section th. texture of the schist is rather
uniform.

Compositional layering

(s ) is dominant;
1

alternating layers of quartz represent original argil aceous
material.

Xenoblastic q1artz and subidioblastic to

lepidoblastic micaceous grains parallel the schistosity.
Compositional layering (s ) generally parallels schistosity
1

(s ).
2

All major constituents have strong dimensional

elongation in s .
1

Micaceous material is usually bent

around porphyroblastic material.

Microfolding and intense

shearing are common (Fig. 10 A).
Quartz is usually the most abundant mineral and
ranges from 35 to 75 percent, but it averages about 50
percent.

It forms fine grains (0.05-0.3 mrn) with the

average size being 0.1 rnrn.

The grains are anhedral with

sutured boundaries, elongate in s , and have a strong
2
undulatory extinction.
Muscovite ranges from 15 to 45 percent and forms
fine plates

(0.05-0.2 mrn) elongate in s 2 .

Muscovite is

generally confined to discrete layers averag'ng 0.5 mm
thick; it is also present as minor amounts in the
quartzose layers.

The grains parallel the foliation;

some grains are perpendicular to the schistosity, and

25

microfolding is common.
Biotite forms fine

(0.1-0.3 rnrn) elongate plates and

may represent 10 percent of the rock.

Quartz-biotite-

epidote schist contains approximately 10 percent biotite .
It is elongate in s 2 and generally confined to muscovite
layers.

Commonly the biotite alters to chlorite.

Chlorite forms as primary crystals and as alteration
products of biotjte.

The chlorite is usually confined

to original pelitic layers, and commonly it is associated
with magnetite, muscovite, and biotite.

It represents

up to 15 percent of the rock in the chlorite-muscovitequartz phyllite and the quartz-muscovite-chlorite schist,
but in the quartz-muscovite schist it represents less
than 5 percent.
Epidote and clinozoisite represent approximately
50 percent in quartz-epidote schist and occur only in
traces in the quartz-muscovite schist (Fig. 10 B)
Accessory minerals include magnetite, apatite,
zircon, tourmaline, calcite, plagioclase, microcline, and
stilpnomelane.

Subidiomorphic grains of magnetite slightly

elongate in s 2 are present mostly in the micaceous layers
and amount to approxjmately 2 percent.

26

Stilpnomelane is

present and associated with the opaques and generally
confined to pelitic layers.

Trnce amounts of subrounded

apatite and zircon and rare pleochroic tourmaline are
present.

Secondary caJcite is present.

both calcic-oligoclase (An
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Feldspars include

) and minor amounts of microcline .

. t • ·- •

. ·. , ' ....... .···

lmm

. . ..........:

..

:

(if;!>

Muscovite

Quartz

Epidote

Magnetite

Biotite

Figure 10. A. Quartz-muscovite-epidote schist. Compositional
layering s defined by epidote and muscovite.
1
B. Quartz-muscovite schist. Muscovite generally
confined to pelitic layers, and quartz confined
to original clastic layers.
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Greenstone
Greenstone crops out i n th

central part of the

Pedernal Hills; except for a small exposure at the granite
contact, it is generally confjned to the northern onehalf of the schist unit.

In hand specimen it is green

to grayish-black with no apparent schistosity.

Thin

sections reveal quartz, epidote and clinozoisite, and
actinolitic hornblende (in order of increasing abundance)
as the major constituents.

Accessory minerals include

magnetite, biotite, mica, zircon, calcite, chlorite,
plagioclase, stilpnomelane, and sphene.
The texture of the original rock has probably been
destroyed by recrystallization and shearing.

Most thin

sections have ' poorly developed schistosity, marked by
subidioblastic, interlocking, and slightly bent laths of
hornblende

elo~gate

in the schistosity.

as interstitial material.

Quartz is present

Epidote and clinozoisite form

anhedral grains with no apparent preferred orientation.
Hornblende makes up about 70 percent of the rock.
It forms fine-grained (0.1-0.6 mm) subidioblastic crystals
that appear to be elongate in s .
2

Hornblende is

partly replaced by chlorjte and biot'te.
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Pleochro'sm

is X = pale brown, Y

=

green, and Z

=

dark bluish-green.

The dark-green hornblende suggests that the metamorphic
grade reached the lower amphibolite facies of regional
metamorphism.
Fine (0.05-0.1 mm) epidote and clinozoisite represent
approximately 10 percent of the greenstone.
Quartz forms as interstitial very fine grained
(0.02 mm) aggregates.

It represents up to 15 percent

of the rock.
Magnetite is the principal opaque, and it may make
up as much as 5 percent of the rock; often it forms
stringers parallel to s 2 .

Plagioclase is rare and

grains are often too small to determine their composition,
but it appears to be oligoclase (An

_ ).
20 30

Biotite ana

chlorite have slightly replaced hornblende and always
appear as secondary minerals.

Stilpnomelane is associated

with epidote and usually forms along the edges of the
epidote grains.
Epidiorite
Epidiorite is common throughout the schist area
and is associated with the greenstone.
Epidiorite is composed essentially of hornblende
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(70 percent), epidote (10 percent), quartz
and chlorite (5 percent).

(10 percent),

Minor constituents are

biotite, sericite, zircon, magnetite, and sphene;
occasionally albjte is present.

Maqn tite is often

surrounded by hornblende which may suggest that it
developed from the hornblende.

Partial recrystallization

of hornblende and local formation of biotite, especially
around grains of magnetite and hornblende,

is common (Fig. 11).

,,· ··-.
·... ..·
Quartz

Magnetite

..:-· .
.·::
-::::
. - ,...
··..: ...·
; ··

lmm

Hornblende

Chlorite

Plagioclase

Biotite

Epidote

Sphene

Figure 11. Epidiorite. Subhedral hornblende with bladed
texture surrounded by plagioclase. Chlorite
form~ as an alteration product of hornblende.
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Hornblende represents approximately 70 percent of
the rock and forms subhedral grains
Pleochroism is X

= pale

green, Y

=

(0.5-2.0 mm across).
olive green, and Z

=

dark green.
Quartz makes up as much as 15 percent of the rock;
commonly it forms fine (0.05-0.1 mm) anhedral grains.
Epidote represents 10 percent of the rock and is
partly altered to biotite.
Epidote-amphibolite
Epidote-amphibolites are not common and are associated
with the epidiorite.

The principal minerals are epidote

and clinozoisite (65 percent) and actinolitic hornblende
(30 percent).

Accessory minerals are quartz (5 percent)

magnetite, hematite, limonite, sericite, and
(Fig. 12).

stilpnomelane ~

Secondary calcite is present and fills fractures.

Actinolit~c

hornblende forms fine (0.1-0.2 mm) plates

that commonly recrystallize to grains up to 5 mm long.
Pleochroism is X
Z

=

blue green.

=

pale brown, Y

=

greenish-brown, and

It makes up 25 percent of the rock.

Epidote forms approximately 55 percent of the rock,
and clinozoisite forms approximately 10 percent.
occur as fine grains (0.05-0.2 mm across).
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They

Commonly

_I

the grains form bands su r rounding the hornblende.
Quartz is present as interstitial material.
Stilpnornelane forms on the edges of epidote grains.
Magnetite is the most abundant opaque; hematite and
limonite appear to be secondary.

0
Epidote

Magnetite

Hornblende

lmrn
Figure 12. Epidote-amphibolite composed of epidote
and hornblende with interstitial grains
of quartz.
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Augen Gneiss
Augen gneiss crops ou~ in a stream bed just south
of

u.

S. Highway 60 in the southeast part of the map area.

The outcrop is at the gr~nite intrn ive contact.
In hand specimen the gneiss is light-gray, mediumgrained granular quartz biotite gneiss.

Pink granulated

rnicrocline porphyroblasts form poorly developed flattened
augen up to 2.0 ern across.

Clusters of biotite up to 1.5

ern long are developed in the gneiss.

Elongate parallel

biotite clusters locally define foliation.
The gneiss differs considerably in the quantities of
·the main minerals.

However, biotite, plagioclase, quartz,

and rnicrocline (in order of increasing abundance) are
the essential constituents.

Less abundant minerals are

muscovite, apatite, chlorite, zircon, magnetite and
opaques, epido~e, tourmaline, and stilpnornelane.
Microcline is the most abundant mineral, amounting
to about 45 percent of the rock.

It ranges from

interstitial granular material 0.2-0.3 rnm in diameter to
subhedral grains up to 2.0 mrn in diameter.

Some grains

of rnicrocline are surrounded by fine-grained quartz;
other microclines are surrounded by earlier formed biotite.
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The microcline is usually intergrown with quartz, muscovite,
or epidote, and they exhibit both gridiron and perthitic
textures; some grains show Carlsbad twinning.
Quartz represents approximately 40 percent of the
rock; it occurs both as clear, fine-grained

(0.1-0.4 mm)

interstitial groundmass and as porphyroblasts (1.0-0.4 mm)
with intensive internal fracturing.

The groundmass is

usually concentrated in bands or aggregates in which
the grains show strong undulatory extinction.

Contacts

between quartz grains are sutured, and the grains tend
to be elongate parallel ·to the foliation.

A high per-

centage of flash figures was observed in quartz grains
when thin sections were cut perpendicular to the foliation,
indicating crystallographic orientation.
Andesine (An

_ ) forms about 5 percent of the rock.
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The andesine occurs as xenoblastic augen ranging in size
from 1.0 mm to 2.0 mm in diameter.
as a result of deformation.

They are augen left

Most of the plagioclase grains

are fractured and exhibit bent twin lamellae.

The augen

commonly are elongate in the foliation, but the larger
grains are equidimensional.
sericitized.
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The plagioclase has been

Biotite makes up approximately 5 percent of the
rock, and for the most

par~

it has recrystallized along

shear surfaces as fine plates 0.1-0.2 mm in length,
which helps emphasize

rh~

planar f a bric of the gneiss.

There are a few examples in thin section of biotite
cutting into feldspar augen, but in most instances the
biotite is bent out around the augens.

The biotite is

partly chloritized.
Muscovite is less abundant than biotite and amounts
to approximately 5 percent; in many slides it is represented
almost entirely by sericite.

The individual grains are

0.02-0.2 mm long and elongate in s •
2

Like biotite, the

muscovite embays the feldspar augen or streams around
the edges.
Epidote, confined to definite layers, emphasizes the
planar fabric of the gneiss and makes up approximately
3 percent of the total rock.

Epidote forms anhedral

equidimensional grains 0.02-0.1 mm in diameter.

Some of

the epidote is closely associated with the micas.
Accessory minerals include opaques, mostly magnetite
with some hematite, e hedral apat'te, and chlorite
altered from biotite.

Traces of zircon, stilpnomelane,
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and tourmaline are present.

Dark purple-blue tourmaline

up to 1.0 mm long t1ansects the other minerals and may be
associated with the emplacement of the granite.

·.. . ·
Quartz
Microcline
Biotite

~

\:,;,/

Epidote
Plagioclase
Magnetite

lmm
Figure 13. Augen gneiss. Augen of microcline with biotite,
muscovite, and epidote defining the foliation . .
Note way in which biotite "flows" around augen.

Cataclasite
Cataclasite is probably the youngest metamorphic
rock, and the original rocks appear to have been both
schist and granite.

Exposures are present in several

areas in the south-central part of the
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mappe~

area; to

the southeast they are surrounded on the north, west, and
south by granite and on the east by schist; in the west
and southwest they are surrounded entirely by granite .
Cataclasite is al o pr0s8nt in th8 schi t unit.

The

term cataclasite is used to describe a rock that has
been sheared and subjected to only minor recrystallization.
Hand specimens are usually dark gray, but lightgray and pink catcalasites are present.

Lens-shaped

quartz or feldspar forms porphyroclasts 3.0-10.0 rom
long; most are about 5.0 rom long.
Cataclasite is characterized by variations in ratios
of principal minerals.

However, lenses and layers of gray

quartz and feldspar porphyroclasts lie between darker
folia of finely crushed quartz, micas, and feldspars.
Quartz is the most abundant mineral; other essential
constituents include biotite, muscovite, potassium
feldspar, and plagioclase.

Less abundant minerals are

epidote, opaques, zircon, calcite, apatite, stilpnomelane,
and tourmaline.

Chlorite and sericite are present as

alteration products.

Microscopic examination of the

cataclasites shows porphyroclasts surrounded by
xenoblastic groundmass.
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Quartz is the most ablndant mineral and ranges from
45 to 75 percent.

It forms bot.h fine-grained (0. 03-0.1 mrn)

interstitial granular material and large (1.0-10.0 mm)
porphyroclasts.

Quartz

r.ajns _xh i bit strong undulatory

extinction and contacts are sutured.

The porphyroclasts

show much crushing and recrystallization.

Individual

porphyroclasts are formed from single grains, mosaics,
or a solid core with a border of granular quartz.
Plagioclase is present both as fine-grained
(0.5-1.0 mm)

interstitial material and large (1.5-3.0 mm)

porphyroclasts and may represent as much as 20 percent of
the rock.

Porphyroclasts with well-developed crystal faces

are occasionally seen.

Curved twin lamellae caused by

deformation are commonly present, but due to alteration
to sericite and epidote this may be obscured.

The com-

position appears to be oligoclase-andesine (An 24 _32) •
Biotite us,ually makes up about 10 percent of the rock,
but in some thin sections it represents up to 30 percent.
The grains show bending, intense shredding, and recrystallization along shear surfaces.

They form fine-

grained (0.1-0.3 mm) plates, which emphasize the planar
fabric of the cataclasite.

Some biotite forms inclusions
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in the porphyroclasts, but in most instances the plates
are bent around them.

Some biotite has been chloritized.

Muscovite amounts to approximately 3 percent; in
many slid s it is represented almost entirely by sericite.
The individual grains are 0.02-0.5 mm long and elongate
in s

2

.

Like biotite, the muscovite embays the feldspars

or streams around the edges.

3 mm

:··.····.:..

Quartz

~Biotite
Figure .. 14.

0

Epidote

.L~
~

Microcline
Magnetite

Cataclasite.
Porphyroclasts composed of
slightly recrystallized mosaic of quartz in a
fine-grained groundmass. Note biotite "flowing"
around the porphyroclast. B. Granite.
Microcline, plagioclase, and quartz are the
principal constituents.
A.

Epidote is usually found either as an alteration
product of plagioclase or associated with b'otite and
magnetite; it amounts to about 5 percent.

Epidote

forms xenoblastic equjdimensjonal qrains 0.01-1.5 mm
in diameter.
Accessories include opaques, mostly euhedral magnetite,
euhedral apatite, stilpnomelane, tourmaline, zircon,
chlorite altered from biotite, and calcite, mostly a
secondary product.

Granitic Rocks
The term "granitic" is applied to rocks that crop
out in the southern part of the map area and range in
composition from quartz diorite to alkali granite.

Four

principal rock types were recognized in thin sections:
they are quartz diorite, quartz monzonite, alkali granite,
and granite.

Granite represents about 85 percent of the
I

sur£ace exposures, 10 percent is alkali granite, 5 percent
is quartz monzonite, and there are minor amounts of
quartz diorite, probably formed where granite has
assimilated basic country rock.
In hand specimen the granite appears to be equi-
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granular, massive , light pink, · fine to coarse grained .
Pink microcline phenocryst. and pale-blue to bl ish-g r ay
quartz arc conspicuous.

In some specimens a faint

foliation is seen, but th

r0ck is typically massive.

Thin sections of granite show fine- to coarse-grained
allotriomorphic-granular texture with large phenocrysts
of well-twinned microcline (Fig. 14).
Plagioclase, quartz, and microcline (in order of
increasing abundance) are the principal constituents.
u ote, biotite, and muscovite are present in small
and varying amounts.

Accessory minerals include opaques,

mainly magnetite, apatite, zircon, tourmaline, sphene,
myrmekite, and stilpnomelane.

Chlorite is present as

alteration of biotite.
Microcline commonly exceeds 45 percent of the rock.
It ranges from medium grained groundmass (1.0-3.0 mm)
to phenocrysts ,up to 10 rom across.

Microperthite and

myrmekite are commonly developed; gridiron twinning is
present in some grains.

Microcline forms allotriomorphic

crystals surrounded by plagioclase and quartz.
inclusions are plentiful.

Plagioclase

Commonly, both the inclusions

and the surrounding plagioclase are in optical continuity
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suggesting that some plagioclase is being replaced by
microcline.

Myrmekite is present in all samples and

probably represents a late stage intergrowth of microcline
and quartz or the reacti0n of microcline replacing
plagioclase.
Quartz ranges from fine-grained (0.1-0.3 mm)

inter-

stitial groundmass to phenocrysts up to 2~0 rom long.

It

commonly forms borders around microcline phenocrysts.
Quartz represents over 20 percent of the rock and may
Lepresent as much as 45 percent.

Quartz commonly shows

strong undulatory extinction.
Plagioclase represents about 15 percent of the rock
and ranges in composition from An
from fine-grained (0.2-0.5 mm)
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to An
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•

It ranges

interstitial material

to medium-grained (1.0-3.0 rom) phenocrysts.
lamellae are commonly bent or broken.

Twin

Plagioclase is

highly altered to sericite and epidote.
Biotite is the principal mafic mineral.

It is

pleochroic in shades of light brown to dark brown.
Alteration of biotite to chlorite has taken place in some
sections, but biotite is commonly fresh.
Accessory minerals include anhedral magnetite (0.1 mm)
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associated with epidote (0.1 mm) and biotite (0.1-0.2 mm),
euhedral apatite (0.05 mm), zircon (0.05-0.1 mm), and
traces of tourmaline (0.1-0.3 mm), sphene (0.03 mm), and
stilpnornelane (0.02-0.05 rnm).
Alkali granite crops out in the northern part of
the granitic area and represents the contact between
the granitic unit and the schist unit.

Alkali granite

is probably the youngest rock in the mapped area and is
similar in composition to the granite, but the principal
difference is in the composition of the plagioclase.
Sodic plagioclase (An 7 ) is present rather than oligoclaseandesine.
Quartz monzonite is gradational into the more
potassium feldspar-rich granites and occurs in the northwest part of the granitic area.

Mineralogical composition

is similar to that of the granite with up to 50 percent
quartz, 20 percent microcline, and 15 percent plagioclase
(An

_ ).
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The mafic minerals include 5 percent magnetite

and 10 percent biotite.

Accessory minerals are zircon,

tourmaline, apatite, sphene, and stilpnomelane.

Chlorite

is present as alteration of biotite.
Quartz diorit

o~curs

in the southwest part of the
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METAMORPHISM
The Precambrian metamorphic rocks of the Pedernal
Hills were subjected to regional metamorphism ranging from
middle greenschist facies to ]ower almandine-amphibolite
facies.

They were also affected by later local hydrothermal,

contact, and dynamic metamorphism related to the granite
intrusion.

Dynamic metamorphism probably ended before

the final movement of the granite intrusion.
Regional metamorphism was a result of dynamothermal
processes.

Hydrothermal metamorphism developed under

reduced stress conditions after the regional metamorphism.
The hydrothermal solutions, active during this metamorphism
were probably given off by multiple stages of granitic
magma.

The presence of alkali granite suggests multiple

stages of intrusion, intrusion during more than one
time period, or perhaps a rest magma deficient in calcium
was present . . Therefore, at least two episodes of metamorphism are present, but whether or not they are related
to a single orogenic process or separated by a time span
was not determined.
Regional metamorphism ranges from middle greenschist
facies

(quartz-albite-epidote-biotite subfacies) to lower
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almandine-amphibolite f cies (staurolite-almandine subfacies
and perhaps into kyanite-almandine-muscovite subfacies).
Medium-grade metamorphic minerals, staurolite and kyanite,
were observed only in the quartzjte unit, especially
around Pedernal Peak, but the stratigraphically lower
granitic gneiss probably reached the same grade of
metamorphism as the quartzite.

The granitic gneiss

does not contain critical mineral assemblages useful in
determining metamorphic grades; however, the mineral
assemblages are compatible with amphibolite facies
metamorphism.

Chlorite is present in the schist unit

and is an alteration product of biotite suggesting a
retrogressive stage.

Critical mineral assemblages for

determining metamorphic grade are as follows: Quartzite
and granitic gneiss reached at least the staurolitealmandine subfacies as indicated by the presence of
staurolite and kyanite.

Critical minerals present in the

schist unit are aluminous hornblende, plagioclase (An 10 or
less}, epidote, biotite, and microcline in the presence
of chlorite; the grade of metamorphism probably represents
lower quartz-albite-epidote-biotjte subfacies.
Contact and hydrothermal metamorphism is confined
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to the southern part of the area in and around the
The mo~t obvious result of hydr thermal

granite intrusive.

action is the wide spread tourmalinization of rocks adjacent
In the conta t metamorphic rocks horn-

to the intrus've.

blende is the diagnostic mineral of the hornblendehornfels facies.
Dynamic metamorphism is widespread in both the
granite and the schist units.

Cataclasites are the result,

and the original rocks were mostly schist with minor
amounts of granite.

As the granite was crystallizing

it was probably being forced from below by more granitic
magma.

The force from below crushed both the country

rock, schist, and some of the crystalline granite.
The last stage of granite implacement was the intrusion
of alkali granite, exposed along the northern graniteschist boundary.

Albite represents low temperature

plagioclase and suggests that the temperature of the magma
had decreased or that the magma became enriched with
respect to sodium.
The effects of retrograde metamorphism are present
throughout the area.

The most widespread effects observed

in thin section study include the alteration of biotite to

46

chlorite, the alteration of

pl ~r 1ioclase

to epidote and

sericite, and the presence of stilpnomelane.

Retrograde

metamorphism is also indicated in the quartzite unit by
rims of sericite around kyanite and staurolite.
The metamorphic rocks have been derived from
sedimentary and igneous rocks.

The granite gneiss

probably was derived from a shale.

Quartzite was formed

from a rather pure quartz-sandstone or chert; interbedded
with this material were thin pelitic layers giving rise
to the quartz-mica schist.

Current thought concerning

the origin of banded iron-formations (specularite-quartz
schist) is chemical precipitation in seasonal layers;
precipitation takes place in a basin that has some form
of circulation barrier.

The schist unit was originally

argillaceous sediments or perpaps a greywacke, interbedded
with sandstone$ igneous rocks, probably basalt, and some
diorite.

The igneous rocks gave rise to greenstone, epi-

diorite, and epidote-amphibolite.

47

granitic outcrop area near inclusions of amphibole-rich
rock.

The rocks are massive, black, and have a porphyrit'cThe ~mphibol .-rich rock appears to

aphanitic texture.

be country rock that has been partly assimilated by
granite producing the quartz diorite.

Actinolitic

hornblende forms phenocrysts up to 2 em long and represents
approximately 15 percent and frequently displays undulatory
extinction and ragged outlines.

Plagioclase is usually

highly altered to sericite and white mica.

The plagioclase

varies in composition from andesine to sodic oligoclase
and represents about 5 percent.

Epidote and clinozoisite

represent approximately 10 percent and usually surround
hornblende.
Pegmatitic and Aplitic Dikes
The granite is cut by many small pegmatitic and
aplitic veins ranging in width from 3.0 em to over 20.0
em.

The pegmatitic veins are allotriomorphic granular,

and coarse grained (2.0-10.0 mm) and are composed of
15 percent quartz, 50 percent microcline, and 35 percent
plagioclase (An

25

).

The aplitic dikes are of about the

same mineralogical compos'tion~ grain size is equigranular
(0.3-0.4 mm across).

48

Xenolith
Inclusions of allochthonous rock fragments are
present throughout the granite.

The xenoliths range

is size from 1 em to over 30 em in length.

Dark gray

to black rock is very common as an inclusion.

The

xenoliths are generally flattened and elongate and
appear to be elliptical.

Orientation is not apparent,

suggesting that they were transported by gran'tic magma
rather than being formed in place.
The xenoliths are generally fine-grained equigranular
(0.25-0.5 mm) and mildly schistose.

They are characterized

by variations in ratios of principal minerals.

The

principal constituents are microcline (7-50 percent),
quartz (10-25 percent), plagioclase (An 20 ?' 5-40 percent),
biotite (2-10 percent), and chlorite (10 percent).
Accessory minerals include sphene, hornblende, epidote,
opaques, zircon, and myrmekite.
The xenoliths are of several types and reflect the
country rock from which they came.

Quartz-mica schist,

quartz-plagioclase-chlorite schist, quartz-muscovitechlorite-epidote schist, and microcline-biotite schist
appear to be the most common.
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STRUCTURE

General Discussion
The Pedernal Hills were metamorphosed, folded, and
faulted during the Precambrian.

Shortly after they were

intruded by a mass of granite which assimilated and
deformed parts of the granite and the country rock.

The

structures now present appear to be related to Precambrian
orogeny; Laramide orogeny, which has structurally deformed
the surrounding area, has had little effect on the present
Pedernal structures.
Folds
Megascopic folding is relatively unimportant in the
Pedernal Hills.

If there was any folding in the pre-

metamorphosed sediments it is obscured by deformation and
metamorphism.
folds.

The quartzite and phyllite contain megascopic

Two miles southwest of Pedernal Peak several

tightly compressed symmetrical anticlines, the axes of
which generally plunge 10 to 30 degrees southward, are
present in the quartzite.
feet across.

These folds are less than 500

Small scale, symetrical folds are present

in the phyllite unit south of the quartzites.

The folds

are tigh ly compressed with wave lengths of about
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0 em.

The axial planes strike N.70°E. and dip 65°8.

It is assumed

that folding was at about the same time as metamorphism
and represented local

compres8ion~J

features.

Faults
Megascopic faults are most prominent in the

quartzite~

Several northwest-trending faults offset the quartzite:
these faults can be traced across several quartzite
ridges and average one mile in length.

Fault zones are

readily visible and are generally less than one foot wide:
they appear to be high angle with throws on the order
of several feet.

The fault zones are composed of

completely recrystallized quartzite breccia, indicating
faulting was contemporaneous with metamorphism.

One large

fault trending northeast cuts the granite and the schist:
the age of this fault appears to be pre-Yeso.
Shear zones are common in the quartzite and they
generally trend north-south.

The average spacing in the

shear zones is about 3.0-4.0 em.
Joints
The mapped area is cut by several prominent joint sets.
Joints are best developed in the quartzjte, cataclasite,
and granite.

In the quartzite two sets are evident,
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one trending roughly north and vertical and the other
parallel to the foliation.

The jointing imparts a blocky

appearance to the quartzite.
The cataclasjtes and granite exhib't similar joint
patterns.

At least three prominent sets are persistent;

best developed of these is a nearly vertical, N.B0°E. set,
and ranging from two inches to approximately three feet
in spacing; the average spacing is less than one foot.
The remaining two sets trend N.30°E. and N.20°W.
These joint set could have been formed by east-west
or northwest-southeast compression.
Foliation, Schistosity, and Compositional Layering
Foliation is well developed in the metamorphic rocks,
and a weakly developed gneissic foliation due to parallel
biotite flakes is locally present in the granite.
The most prominent s-plane in the metamorphic rock
is designated s , and it is defined by alternating
1
layers of differing mineralogical composition and
probably represents bedding.

The granitic gneiss has

lenticular and undulatory foliation emphasized by elongate
plates of biotite and anhedral epidote and magnetite.
In the quartzite, quartz-mica schjst, and specular
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hematite schist, both the schistosity and compositional
layering are well developed, exrept in the quartzite
where compositional Jayering is rarely seen.
most part s

2

For the

parallels s .
1

The next unit is composed of chlorite-muscovitequartz phyllite, quartz-muscovite schist, quartz-biotite
schist, quartz-chlorite schist, epidote-amphibolite,
augen gneiss, cataclasite, quartzite, and greenstone.
Foliation is moderately to well developed except in
the greenstone, quartzite, and epidote-amphibolite rocks.
Both s 1 and s are usually present, and they are usually
2
parallel.
The granite shows in part a weakly developed gneissic
foliation caused by lenticular biotite, epidote, and
opaques.

Foliation is usually developed when the rock

approaches the composition of a quartz monzonite, in
the northern part of the granite unit, or near the cataclasite boundaries.
Microstructures
Small recpmbent and similar folds as well as isoclinal
folds are characteristic of the quartzi e and th
part of the schist unit.
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northern

The quartzite best displays recumbent folds.
Although there are great concentrat'ons of microfoJds at
certain localities (i.e., Pedernal Peak) and at certain
horizons (i.e., quartz-mica schist) in the quartzite,
they are developed to some degree throughout the unit.
Within the quartzite, recumbent microfolds are shown best
by stringers of specular hematite.

The axial planes dip

southward approximately 20 degrees.
Microfolds in the northern part of the schist show
a flowage pattern with the development of visible,
closely spaced slip planes parallelto s

2

and often

secondary quartz forms between compositional

layers~

also axial plane schistosity is also present.
Emplacement of Granite
The granite is considered to be of igneous origin,
and intruded into pre-existing rocks shortly after
regional metamorphism was taking place.

Evidence for the

origin and emplacement of granite is based on petrographic
studies and field relationships.
Quartz with sutured borders, unzoned plagioclase,
and plagioclase with a wide ranqe of chemical composition
(An _ ) have been suggested as evidence of granit'zation.
7 35
s4

However, the euhedral nature of microcline phenocrysts and
microperthite suggest a magmatic origin.
Field relationships which tend to indicate the granite
is magmatic are numerous.

Xenoliths show no alignment ,

therefore, they probably were not related to relict bed-.
ding; they do seem to indicate that stoping was the
principal mode of emplacement.

The presence of aplite

and pegmatite dikes, some of which occupy joints, implies
an intrusive origin.

The contact of the granite with

the metamorphic rocks is not gradational; it is an intrusive
contact, and no evidence of bedding or foliation can
be traced into the granite.

The metamorphic rocks have

been subjected to contact metamorphism of the hornblendehornfels facies.

Inclusions of assimilated country rock

are found throughout the granite.

Assimilated greenstones

are the most obvious; they have reacted with the magma
and now represent rocks of quartz diorite composition.
Piecemeal stoping with much assimi~ation is the
principal form of emplacement; a late stage forcible intrusion, after the magma had partly crystallized, is probable,
and this intrusjon is assumed to be the cause of the
formation of the cataclasites.
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PETROGRAPHIC ANALYSES
The following section

~ontMins

representative

samples of groups of rocks grouped together in the
field on the basis of

hand-spe~imen

appearance.

Mineral percentages in thin sections were obtained
by visual estimation and by point count with a Swift
automatic counter (1,000 to 2,000 points were counted
depending on the grain size of the sample; in finegrained rocks 2,000 point counts were used, and in
medium-grained rocks 1,000 point counts were used).
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Figure 15. Map showing distributjon of samples examined
petrographically. Each dot indicates at least
one sample was taken.
Location of specific
description in the petrographic analyses shown
by "){''.
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Sample No.

Gn-10

Location:

NW\, Sec 9,

Name:

Granitjc gneiss

Texture:

Xenomorphic quArtz, microcline, and plagioclase
grains with lep1doblas~ic 9ra1ns of biotite.

Minerals

Percent

Characteristics

Quartz

37

Porphyroblasts 1.0-2.0 mm and groundmass 0.1-0.4 rom; anhedral with sutured
outlines and undulatory extinction.

Microcline

28

Perthitic texture; porphyroblasts
0.6-2.0 mm; groundmass 0.1-0.3 mm.

Plagioclase
(An2 5)

15

0.2-0.6 mm, bent twin laminae and
highly altered to sericite and epidote.
Quartz and microcline inclusions common.

Biotite

10

Elongate plates 0.1-0.4 mm define
foliation.
Partly altered to chlorite.

~7N,

Rl2E

Muscovite

2

Mos ly sericite 0.05 mm altered from
plagioclase.

Opaque

5

0.1-0.6 mm magnetite with minor limonite staining along quartz boundaries.

Apatite

1

Euhedral grains 0.1 mm.

Epidote

2

Anhedral 0.1-0.2 rom associated with
biotite and opaques.

Stilpnomelane

1

0.1 rom small irregular grains.
Pleochro±sm, red brown to brown.

Zircon

tr.

Angular grains 0.05 mm.

Chlorite

tr.

0.1 mm altered from biotite.
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Sample No.

Gs-11

Location:

SE~,

Name:

Epidiorite

Texture:

Hornbl nd0 grains surrounded by laths of
plagioclase. Hornblendeexhibits radiating
pattern; the grains are slightly bent and
interlocked.

Mineral

Percent

Characteristics

Hornblende

40

Radiating and felty masses; individual
qrains commonly interlocked.
Euhedral
grains 1.0-2.0 mm across.

Plagioclase
(An30 ?)

25

Euhedral grains 0.5-1.0 mm across.
Highly altered to epidote, chlorite,
and minor amounts of sericite.

Epidote

15

Grains 0.05-0.1 mm altered from
plagioclase and hornblende.

Chlorite

10

Pleochroism, light yellowish-green
to gr~~n (may be masked by the
color of hornblende) appears to be
penninite. Grains 0.1-0.2 mm
altered from biotite and hornblende.

Sec. 2q, T7N, Rl2E

Quartz

4

Anhedral interstitial grains 0 .·1 mm
across.

Sphene

5

Euhedral wedges 0.1-0.5 mm long.
Some grains have irregular outlines.

Biotite

tr.

Grains 0.1 mm long mostly altered
to chlorite.

Opaques

tr.

Grains of magnetite o.05-0.1 mm across
and associated w'th bjotite and sphene.
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sample No.

Q-5

Location

NW~,

Name:

Quartzjte

Texture:

Xenomorphjc quart z grains with lepidoblastic
grains of white mica; both elongate in s 2 •

Sec. 8, T7N, Rl2E

Minerals

Percent

Characteristics

Quartz

93

Anhedral grains with undulatory
extinction; 0.1-0.5 mm; slightly
elongate in s •
2

6

Very long narrow plates 0.1-0.2 mm;
elongate in s •
2

Sericite

tr

Clusters forming a felty mat 0.2 mm
across.

Zircon

tr ·

Well rounded grains up to 0.1 mm
across.

Opaques

tr

Irregular outlines usually less

White Mica

than 0.05 rom

across~

usually

magnetite with some hematite.
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Sample No.

QMS 3

Location:

SW~

Name:

Quartz-speC'nlar hematite schist

Texture:

Subidiomorphic specular hematite occurs as
thin well-aligned plates elongate in s •
2
Xenomorphic quartz is also elongate in s

Sec. 11, T7N, Rl2E

2

o

Minerals

Percent

Characteristics

Quartz

78

0.25-0.5 rom anhedral with undulatory
extinction and sutured outlines.

Specular
hematite

15

Concentrated into layers up to 10 mm
thick; elongate in s •

White Mica

2

5

Concentrated in quartz layers elongate
in s •
2

Kyanite

rare

Grains 0.05 rom across.

Tourmaline

tr.

Pleochroism, pale yellow to deep
green.

Apatite

1

0.1 rom euhedral grains.

Stilpnomelane

tr.

Grains 0.05 rom across.

Zircon

tr.

Subangu~ar

63

to subrounded.

,

Sample No.

QMS-2

Location:

SW~,

Name:

Quartz-mica schist

Texture:

Xen morphic grains of quartz elongate in s 2 :
lepidoblastic white mica elongate in 52.
Idioblastic staurolite rarely present.

Sec. 11, T7N, Rl2E

Minerals

Percent

Characteristics

Quartz

60

0.3-0.8 rnrn elongate in s sutured
2
boundaries. Anhedral grains with
undulatory extinction.

White Mica

35

Plates up to 0.5 rnrn long scattered
in quartz layers mostly concentrated
in pelitic layers. s parallels s •
1
2

Chlorite

2

Mostly alteration product of biotite.

Biotite

1

Mostly altering to chlorite; partly
aligned in s •
2

Opaques

3

Mos ly magnetite and hematite;
mostly in pelitic layers elongate
in s •
2

Stilpnomelane

tr

Pleochroism red-brown to brown.

Apatite

tr

Subrounded grains.

Tourmaline

tr

Green to pale-green pleochroism.

Zircon

tr

Subangular grains.

~taurolite

tr

Idioblastic grains athwart foliation.
Margins sericitized.
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Sample No.

P-2

Location:

SW~,

Name:

Chlorite-muscovite-quartz phyllite (spotted
phyllite).

Texture:

Xenomorphic-granular grains of quartz,
fibroblastic mica, and euhedral magnetite.
Lepidoblastic chlorite. Mica grains
elongate in s 2 • Schistosity well developed.

Minerals

Percent

Characteristics

Quartz

60

Granoblastic anhedral grains 0.2 mm.

Chlorite

10

Lepidoblastic 0.1-0.4 mm elongate
in s . Confined to distinct layers.
2

Sericite

25

Interlocking grains 0.2 mm elongate
in s •

Sec. 2J, T7N, Rl2E

2

Opaque

1

Apatite

tr.

Plagioclase
(AnlO ?)

1

0.05-0.1 mm irregular outline on the
smaller grains and euhedral on the
larger grains.
Euhedral 0.2

mm

elongate is s .
2

Unaltered grains 0.05-0.1 mm across.

Zircon

tr.

Subrounded grains less than 0.1 rom
across.

Stilpnomelane

rare

Pleochroism, red-brown to brown.

Hematite

Secondary filling along grain
boundaries.
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Sample No.

Sc-23

Location:

NE\, Sec 29,

Name:

Quartz-muscovite schist.

Texture:

LepidoblC!st-ic ffi\1S~ovi.te confined to distinct
layers 1.0 mm thick alternating with layers
1.0-2.0 mm thick containing xenomorphic
grains of quartz.

Minerals

Percent

Characteristics

Quartz

55

Anhedral grains 0.1-0.2 mm with
strong undulatory extinction.
Confined to original clastic layers
and elongate in s 2 • Contacts
between quartz grains are sutured.

Muscovite

30

Lepidoblastic grains 0.1 mm long
confined to original pelitic layers
elongate s •
2

5

Pleochroism pale green to clear.
Elongate in s , and associated with
2
opaques. Usually confined to the
clastic layers.

Chlorite

~7N,

Rl2E

Opaque

tr.

0.6 rom euhedral (pseudohexagonal}
magnetite athwart the foliation.
Usually confined in the clastic ~
layers.

Apatite

tr.

Grains 0.08 mm across.
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Sample No,.

Sc-22

Location:

SE~,

Name:

Quartz-epidote-chlorite schist

Texture:

XPnoblastic quartz ~lightly elongate in s 2 •
Epidote present in poorly defined layer (s ).
1
Isoclinal microfolds are present.

Minerals

Percent

Characteristics

Quartz

65

0.1-0.9 mm anhedral with undulatory
extinction.
Slightly elongate in s •
2

Sec 20, T7N, Rl2E

Epidote

8

0.1-0.2 mm anhedral grains.

Chlorite

6

0.1-0.2 mm elongate stringers helps
define s .
Pleochroism, clear to
2
light green; present as interlocking
gr.a ins.

Plagioclase
(An24)

5

0.1-0.2 mm anhedral grains.

Microcline

4

0.4 mm anhedral; perthitic texture.

Muscovite

3

0.1-0.2 mm elongate in s

Calcite

5

Less than 0.1 mm interstitial material.

Opaque

3

0.05-0.1 mm anhedral magnetite grains
associated with epidote.

Tourmaline

1

0.07-0.15 mm euhedral elongate prisms.
Pleochroism clear to pale green

Apatite

tr.

0.08 mm euhedral grains.
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2

•

Sample No.

Gs-8

Location:

NW~,

Name:

Epidote-Amphibolite

Texture:

Anhedral porphyrohlastjc hornblende surrounded
by anhedral epidote, chlorite, and quartz.

Minerals

Percent

Quartz

5

Sec. 29, T7N, R 2E

Characteristics
Interstitial grains 0.1-0.3 mm across.

Epidote

55

Grains range in size from 0.1 mm to
0.3 mm. The large grains are anhedral,
and the small grains are euhedral.
Optically negative.

Clinozoisite

10

Grains are 0.05-0.2 mm across.
Optically positive~ anomalous
interference color, light gray to
light yellow.

Amphibole

25

Actinolitic-hornblende; 0.1-3.0 mrn
across margins surrounded by epidote.
Pleochro'sm, pale brown-greenishbrown-blue green.

Calcite

tr.

Secondry replacement along fractures.

Opaque

tr.

Mostly magnetite inclusions in the
hornblende. Minor amounts of hematite
and limonite.

Sericite

tr.

Shreads scattered through the slide~
lepidoblastic grains less than 0.1 mm
long.

Stilpnomelane

tr.

0.05 mm forming along the edges of
epidote.

5

Weak pleochroism, lt.green to pale
brownish-green. 0.1-0.3 mm appears
to be altering from hornblende.

Chlorite
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Sample No.

Z-4

Location:

SW~,

Name:

Augen Gneiss

Texture:

Xenomorphjc granobla s tic texture with poorly
to moderately developed foliation defined
by lepidoblastic biotite elongate in s •
2
Alternation layers of light and dark m1nerals
help to define foliation.

Minerals

Percent

Characteristics

Quartz

40

Anhedral grains up to 0.8 mm across,
strong undulatory extinction.

Microcline

45

Forms augen 0.8-2.5 mm across with
both gridiron and perthitic textures.

Sec. 12, T5N, Rl2E

Plagioclase
(An3 7)

5

Albite and Carlsbad twins are present;
0.8 mm grains slightly altered to
sericite.

Biotite

5

0.3 mm grains elongate and confined
de 'n'te layers and elongate in
s .
Slightly altered to chorite.
2

Epidote

5

0.02-0.1 rom; confined to biotitemuscovite layers; anhedral grains.

Muscovite

3

0.08-0.2 mm elongate in s and con2
fined to definate layers.

Chlorite

tr.

Regressive product; altered from
biotite.
Pleochroism: green to
greenish-brown.

Tourmaline

tr.

Zircon

tr.

0.3 mm or less; pleochroism: blueblack to purplish-gray.
0.02 mm; fragmented.

Opaque

tr.

Irregular outlines mostly 0.05 rom
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magnetite grains.
Some hematite is
present as a ·secondary product.
Apatite

tr.

0.04 mm euhedral grains.
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Sample No.

Gr-6

Location:

NE~,

Name:

Alkali grunite

l'exture:

Porphyrjtic-phaneritic ; allotriomorphic
medium grained, except for subhedral microcline
phenocrysts (0.5 mm).

Minerals

Percent

Characteristics

Quartz

27

Phenocrysts 6.0-8.0 mm anhedral with
undulatory extinction . Groundmass;
0.2-0.4 mm anhedral.

Micro cline

43

Less than 10.0 mm mostly 0.5 mm;
anhedral to subhedral perthitic
texture.

Plagioclase
(An )

15

Albite 3.0-5.0 mm; highly altered
to sericite and epidote.

Muscovite

10

Includes sericite; altering from
plagioclase.

1

7

Sec 15, T6N, Rl2E

Epidote

4

Alteration product of plagioclase.

Biotite

2

Partly altered to chlorite, associated
with epidote; lepidoblastic 3.0-7.0 mm.

Opaques

1

Small grains 0.02 mm magnetite .

Tourmaline

tr.

Long narrow prisms 0.08 mm.

Sphene

tr.

Euhedral wedges and elongate crystals
0.02 mm.

Zircon

tr.

0.06 mm subangular.

Chlorite

tr.

Altered from biotite 0.1 mm.

71

Sample No.

Gr 12

Location:

SW~,

Name:

Granite

Texture:

Porphyrjti -phanRrjtic; allotriomorphic
medium-grained pnenocrysts in a fine-grained
(0.1-0.2 rnrn) groundmass.

Minerals

Percent

Characteristics

Quartz

30

Phenocrysts 0.8-2.0 rnrn groundrnass
0.1-0.2 rnrn anhedral with undulatory
extinction • .

Microcline

50

Myrrnekite (graphic structure) anhedral
grains up to 1.5 rnrn across.

Plagioclase
(An24-28)

10

Highly altered to sericite and
epidote; 0.1-0.5 rnrn across.

Sec 11, TSN, Rl2E

Opaques

4

Mostly irregular grains of magnetite
0.6 rnrn across; some hematite.

Chlorite

2

0.1 rom

ltered from biotite.

Tourmaline

tr.

Associated with opaques.
Pleochroism
blue black to light greenish-blue.

Epidote

tr.

0.05-0.1 mm generally euhedral.

Sericite

tr.

0.1 mrn irregular felt like mats.

Zircon

tr.

0.08 rnrn subrounded.

Apatite

tr.

Euhedral crystals 0.05 mm.

Sphene

tr.

0.04 rnrn associated with opaques.
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Sample No.

Gr 35

Location:

NW~,

Name:

Quartz monzonite

Texture:

Porphyrjtic-phaneritic; allotriomorphic
medium-grained phenocrysts of microcline
in a fine-grained groundmass of quartz,
plagioclase, t and microcline.

Minerals

Percent

Characteristics

Quartz

20

Anhedral grains 0.1-1.5 mm with
sutured boundaries. Strong undulatory extinction.

Microcline

30

Grains 0.1-3.5 mm, anhedral, and
partly altered to sericite. Quartz
and plagioclase are common inclusions.

Plagioclase
(An24)

27

Subhedral grains 1.0-2.0 mm highly'
altered to sericite and epidote.
Commonly formed along the margins
of microcline.

Sec 4, T5N, Rl2E

Biotite

5

0.1-1.0 mm; Pleochroism, light brown
to dark brown.

Epidote

10

0.1 mm may include some clinozoisite.

Chlorite

tr.

Pleochroism, light green to clear.

Opaque

4

0.1-0.3 nw irregular grains of magnetite.

Apatite

tr.

Euhedral grains 0.05 mm across.

Sericite

tr.

Grains 0.05 mm long; altered from
plagioclase.
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Sample No.

C-2

Location:

NW l..-<'41

Name:

Cataclasite

Texture:

Xenomot"phic groundmass of quartz surrounding
large po~phyroclast of plagioclase. Biotite
grains "flow" around the porphyroclasts and
help define s .
2

Minerals

Percent

Characteristics

Quartz

45

0.1 mm anhedral grains with undulatory
extinction; sutured boundaries.

Plagioclase
(An28)

35

1.0-2.0 mm porphyroclasts with bent
or broken twin laminae~ Highly altered to sericite and epidote.
Inclusions
of quartz are common.

Sec 2, TSN, Rl2E

Biotite

7

Grains 0.1-0.2 mm long.
clear to brown.

Muscovite

2

Mostly sericite O.OS mm long; alteration product of plagioclase.

Chlorite

4

0.1 mm altered from biotite.
Pleochroism, light green to green.

Epidote

4

Grains 0.1 mm across. Associated
with chlorite, biotite, and opaque.

Opaque

l

0.1-1.0 mrn mostly magnetite.
ular outline.

Calcite

1

0.5 rnm anhedral secondary grains.

Stilpnomelane

tr.

Pleochroism,

Irreg-

0.05 mm; pleochroism, red brown to
brown.
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Sample No.

C-5

Location:

SW~,

Name:

Cataclasjte

Texture:

Xenomorphic groundmass of quartz surrounding
large porphyroclasts of quartz. Quartz made
up of mosaic of smaller quartz grains.

Minerals

Percent

Characteristics

Quartz

75

Anhedral groundmass 0.05-0.1 mm~
porphyroclasts 2.0-4.0 mm strung
out in lens-shaped masses; Strong
undulatory extinction.

Sec. 3h, T6N, Fl2E

Plagioclase

5

Sodic plagioclase highly altered
to sericite; 0.1 rom.

Biotite

5

0.05-0.1 mm pleochroism, dark brown
to medium brown.

Muscovite

5

Including sericite and associated
with epidote. Grain size about 0.2 mm.

Epidote

4

0.1 mm associated with biotite.

Calcite

3

0.1 rom secondary product.

Opaque

2

Mostly magnetite 0.1 mm.

Chlorite

tr.

0.1 mm altered from biotite and
associated with biotite.

Apatite

tr.

0.1-0.2 mm anhedral.

75

1

Sample No.

C-12

Location:

NE~,

Name:

Cataclasite

Texture:

Large porphyroclasts of quartz surrounded by
xenomorph j c groundrnass of quartz. Mica grains
tend to .. flow .. around the porphyroclasts.

Minerals

Percent

Characteristics

Quartz

75

Porphyroclasts rare usually 1.0 mrn,
groundrnass 0.2 rnrn, anhedral with
undulatory extinction sutured
outlines.

Plagioclase
Biotite

1
10

Sec 32, T6N, RJ2E

Sodic plagioclase An 16
Pleochroism, ' light brown to dark
brownish-green.

Muscovite

4

Small grains 0.1 rnrn lepidoblastic
slightly pleochroic.

Epidote

5

0.1-0.2 rnrn usually surrounded by
biotite associated with biotite
and opaques.

Opaque

tr.

Microcline

3

0.05-0.1 rnrn mostly magnetite
Anhedral with inclusions of quartz
and muscovite and sericite. Highly
altered to sericite.

Apatite

tr.

Euhedral to anhedral grains.

Calcite

rare

0.1
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mm,

irregular outline, secondary.
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